e investigated the incidence of evidence of irritation of the brachial plexus in 119 patients with whiplash injuries sustained in road-traffic accidents. We compared the symptoms, physical signs, autonomic status, psychological status and findings from radiographs of the cervical spine using examination charts and a modified Cornell Medical Index Health questionnaire, in patients in two distinct groups: those with irritation of the brachial plexus and those without.
The incidence of whiplash injury of the cervical spine has increased dramatically. The presumed damage in minor cases is a soft-tissue sprain, but its exact nature remains uncertain; 1 40% of patients have persistent discomfort and 10% are unable to return to work. 2 Those with diffuse numbness, pain, and weakness of the neck, shoulder and upper limbs are a challenge to diagnose and to treat. Some patients with a whiplash injury appear to have irritation of the brachial plexus, an unusual autonomic status, peripheral nerve dysfunction and psychological problems. We have investigated the incidence of these findings in a group of patients injured in road-traffic accidents. We also compared the symptoms, physical signs, autonomic status, psychological status, findings from radiographs of the cervical spine and outcome between patients with irritation of the brachial plexus and those without.
Patients and Methods
We studied prospectively 121 patients injured in roadtraffic accidents between March and September 1997; two failed to attend for follow-up, leaving 119 in the group. There were 60 women and 59 men with mean ages of 35.7 (14 to 27) and 36.1 years (16 to 61), respectively. Since the onset of symptoms is sometimes delayed, all patients were included in the study, whether or not they had significant complaints at their initial visit, and all had plain radiographs taken of the cervical spine. For each patient the mechanism of injury, symptoms, signs and autonomic and psychological status were recorded using an examination chart and a modified Cornell Medical Index Health Questionnaire (CMI), which includes 43 questions on autonomic disorders and 51 psychological questions. 3 The patients were interviewed again and their symptoms and signs assessed at 1, 2, 4, 8 and 12 weeks after the accident. They also completed a further modified CMI questionnaire six months after injury. The findings for the patients with irritation of the brachial plexus were compared with those who did not have such problems.
The following criteria determined a diagnosis of irritation of the brachial plexus: 1) Persistent diffuse pain or paraesthesiae in the upper limb aggravated by carrying, lifting, overhead elevation or repetitive use of the arm.
2) A positive Tinel sign over the brachial plexus at the scalene muscles or supraclavicular fossa.
3) Reproduction of pain or paraesthesiae by manoeuvres stressing the brachial plexus with the shoulder at 90° of abduction in external rotation, or with a traction manoeuvre.
The score for each section of the CMI was calculated as the sum of affirmative responses. When the score distribution was skewed, morbidity was assessed in terms of the prevalence of high scores, using a cut-off of 10 
Results
Of the 119 patients, 45 (37.8%) with a mean age of 35.4 years (16 to 69) were diagnosed as having irritation of the brachial plexus. The ratio of women to men was significantly higher in the group with irritation. There were no significant differences between the two groups with regard to the age of the patients or the mechanism of injury ( Table  I ). The mean onset of evidence of irritation of the brachial plexus was 6.7 days (0 to 37) after injury; 39 (90.7%) of the 43 patients reviewed had symptoms and signs within two weeks of injury ( Fig. 1 ).
Patients in both groups experienced neck pain, headache, nausea, dizziness, discomfort in the eyes, feeling unwell, tinnitus and sleeplessness. Most had neck pain, headache and nausea. The incidence of symptoms apart from neck pain was significantly higher in patients with irritation of the brachial plexus (Table II) .
Physical signs noted included: a decreased range of movement of the neck; paraesthesiae in the upper arm, forearm and/or hand weakness; coldness, discoloration and hyperhydrosis in the upper limb; swelling; a positive Tinel sign over the scalene muscles or in the supraclavicular fossa, the cubital tunnel, the radial nerve at the elbow and/ or the carpal tunnel; and discomfort with the shoulders in 90° of abduction and external rotation or in similar manoeuvres causing traction to the brachial plexus. The incidence of these signs was significantly higher in patients with irritation of the brachial plexus (Table III) .
The mean number of affirmative responses in the CMI questionnaire and the percentage of scores classified as high for an autonomic disorder were significantly increased in patients with irritation of the brachial plexus. There was no significant difference between the two groups with regard to the psychological results (Table IV) .
No fracture or dislocation was seen on radiographs of the cervical spine in either group. In patients with irritation of the brachial plexus, only one (2.2%) showed a radiological abnormality, a cervical rib. Eighteen patients (40.0%) had an unusually long neck, with the T1 or T2 vertebral body above the level of the shoulders on lateral radiographs of the cervical spine. Thirteen (28.9%) had radiological changes of cervical spondylosis. Ten were evaluated by cervical MRI, revealing minor degenerative changes which did not Fig. 1 The onset of brachial plexus irritation (n = 43, two cases unknown). account for their symptoms. There were no significant differences in the findings from plain radiographs of the cervical spine between the two groups (Table V) . Three months after injury, the outcome was significantly worse in patients with irritation of the plexus (Table VI) . At six months, 19 patients (42.2%) of these still required treatment. Eleven improved significantly and showed reduction in the affirmative responses for both autonomic and psychological assessment. The other eight were no better and their affirmative responses were unchanged. In patients without irritation, five (6.8%) needed treatment and had a good outcome. The mean numbers were also unchanged (Table VII) .
Discussion
In 1964, Macnab 6 stated that particular attention should be given to symptoms arising from injuries to the muscles of the anterior neck caused by extension-acceleration injuries of the cervical spine. In 1991, Schwartzman 4 reported that a traction injury of the brachial plexus was the commonest sig- nificant neurological injury after acute flexion and extension of the cervical spine. Dellon 7 described intraoperative findings of scarring in and around the brachial plexus in patients with a stretch-type lesion after a whiplash injury. Our study shows that symptoms and signs attributable to stretching of the brachial plexus do occur after whiplash injury in a significant proportion of patients, and that the presence and the persistence of these symptoms and signs indicate an unfavourable prognosis. In addition to irritation of the scalene muscles, stretching of the brachial plexus secondary to trauma is being more commonly diagnosed. Tinel's sign over the brachial plexus was considered as marking the advance of a wave of regeneration or as a diminution of the threshold of nerve fibres to mechanical stimulus. The high prevalence of females in the group of patients with irritation may be due to a combination of factors, including differences in cervical and periscapular muscle strength and development, as well as postural variation. The fact that about 40% of patients with irritation had a positive Tinel sign in relation to distal peripheral nerves suggests that proximal stretching may render the distal nerve more susceptible to subsequent compression. Mild entrapment of the brachial plexus and of nerves in the cubital or carpal tunnels may cause severe symptoms in the upper limb. 8, 9 A significant proportion of patients with irritation of the brachial plexus had an abnormal autonomic status. 10, 11 They had high scores for questions on autonomic disorder in the modified CMI, and suffered not only from neck and arm pain or numbness but also headache, nausea, sleeplessness, general fatigue, or hyperhydrosis and swelling of the hand.
These patients should undergo thorough neurophysiological investigation although the findings will usually be normal, indicating that nerve-conduction studies relate to events in the largest myelinated fibres and not to changes in the behaviour of non-myelinated fibres.
We were able to establish that irritation of the brachial plexus was common after whiplash injuries and that the presence and persistence of these symptoms and signs were associated with a poor outcome. Patients can easily be misdiagnosed if the possibility of this type of irritation is not borne in mind. For optimum treatment and proper assessment of the symptoms and signs of whiplash injury, clinicians should look for cervical pathology, an unusual autonomic status, peripheral nerve dysfunction and psychological problems, recognising that irritation of the brachial plexus may be a complication of this type of injury.
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